| INTRODUCTION
Vitamin K belongs to the family of structurally similar fat-soluble 2-methyl-1,4-naphthoquinones. The members of vitamin K family have various side chains. 1, 2 There are three types of vitamin K, phylloquinone (vitamin K 1 ), menaquinone (vitamin K 2 ), and menadione (vitamin K 3 ). In the Western diet, phylloquinone (PK) is a predominant dietary form and is produced by plants and algae (eg, green leafy vegetables such as kale and spinach). residues. Menaquinones-4 is the most common form of vitamin K 2 in animal products. [5] [6] [7] Menadion is produced synthetically 8 .
The half-time of PK and MK-4 is 1.5-2 hours. The half-time of
MKs with longer side chains is about 72 hours. Vitamin K is absorbed from a gut. Vitamin K has neither the recommended daily dosage nor the reference level. The adequate intake (AI) of vitamin K is about 120 μg/d for adult men and 90 μg/d for adult women.
3,9
Deficiency of vitamin K 1 could cause anemia and bleeding (coagulopathy). Osteoporosis and vascular calcification are associated with the deficiency of vitamin K 2 . Newborns are at higher risk of vitamin K 1 deficiency, and postmenopausal women are at higher risk of vitamin K 2 deficiency. There is no known toxicity associated with high doses of vitamin K.
3
Vitamin K function is blocked by coumadin (anticoagulants).
Patients with anticoagulant treatment often suffer from a lack of vitamin K in their body. 4 Vitamin K is usually determined by highperformance liquid chromatography (HPLC) with fluorescence detection with postcolumn zinc reduction. (Figure 1 ).
| Preparation of standards and control materials
All stock vitamin K solutions were prepared by diluting certified ma- The cartridges were washed again with 3 × 3 mL of hexane, and vitamin K was then eluted with 3 × 3 mL of diethylether:hexane (3:97).
The sample was then evaporated under a stream of nitrogen, and the residue was dissolved with 100 μL of isopropanol. 50 μL of sample was injected into the column, which was connected with postcolumn reactor freshly filled with zinc dust (Sigma-Aldrich).
We measured 350 patients' serum samples from postmenopausal women with and without osteoporosis. All serum samples were obtained in tubes with a clot activator (Vacuette, Germany), and the tubes were protected from light, centrifuged 10 minutes at 3727 g and immediately stored at −80°C. The samples were stored maximum 3 months before the analysis.
| RESULTS
The HPLC method has been successfully validated. The calibration curves were constructed by plotting the peak area ratios of vitamin K standards to the internal standard against the concentration of vitamin K. The assays were linear (r 2 was 0.9992 for MK-4, r 2 was 0.9993 for K 1 , r 2 was 0.9995 for MK-7) across the whole range of concentrations. The intra-and interday accuracy and precision were evaluated on two QC samples by multiple analysis (n = 20). The intraday CV for MK-4 were 8.4% and 8.4%, for K 1 were 7.3% and 8.6%, and for MK-7 were 9.5% and 6.9%. Interday CV for MK-4 were 9.4% and 9.7%, for K 1 were 9.9% and 8.7, and for MK-7 were 9.9% and 9.6%. The withinday accuracy was expressed by the calculated bias between observed and theoretical concentrations for MK-4 were 5.2% and 0.07%, for K 1 were 4.5% and 3.9, and for MK-7 were 2.5 and 2.5%. The mean recoveries of the corresponding compounds were 98%-110%. No interference has been found between MK-4, K 1 , and MK-7, or the internal standard ( Figure 2 ). The limit of quantification for MK-4 was found at 0.04 ng/mL, for K 1 0.03 ng/mL, and for MK-7 0.03 ng/mL.
Retention times of MK-4, IS, K 1 , and MK-7 were 4.2 minutes, 6.1 minutes, 7.0 minutes, and 14.1 minutes respectively. Quantification was based on the peak area ratio of vitamin K to the internal standard.
The stability of vitamins was tested. We tested the stability of vitamins in the fridge (2-8°C) for 7 days (Table 1) , and the stability in the freezer for 3 months ( We measured the levels of vitamin K in two groups of patients.
The first group were postmenopausal women with osteoporosis aged 67.6 ± 7.7 years (mean ± SD, n = 192), and the second group were postmenopausal women without osteoporosis aged 64.6 ± 8. 
| DISCUSSION
Vitamin K plays a key role in the blood coagulation, but it is also essential for bone and vascular health. the sample without SPE extraction but with a very bad limit of quantification of MK-7. Especially based on this study, it is evident that SPE extraction is necessary for the removal of interfering substances, which affect mainly MK-7.
In the literature, it is possible to find the published reference range for vitamin K 1 (0. plays an essential role in mineral utilization and activates proteins responsible for the deposition of calcium and phosphorus salts in bones.
Low vitamin K concentrations are associated with increased risks of osteoporotic fractures in the elderly and vascular calcification. 21, 39 It was published that serum vitamin K concentrations are significantly associated with dietary intake of these vitamins. 25 It is not entirely clear why there are no significant differences between populations but also between postmenopausal women in individual populations, and if only nutritional and metabolic factors play role. Therefore, further investigations are necessary to be performed.
| CONCLUSION
We described a HPLC method for determination of vitamin K with fluorescence detection after postcolumn reduction. This method is selective and highly sensitive and is suitable for the routine measurement of the levels of phylloquinone and menaquinones in serum. It was published that it is much easier to find out the status of vitamin K by the measurement of undercarboxylated vitamin K-dependent proteins, where the analytical methods are not so complicated.
However, lots of these proteins are affected, for example, by vitamin D, therefore the levels of these proteins may not reflect the actual concentration of vitamin K. In order to improve the outcomes of some medical treatments, especially related to bone metabolism and inhibition of vascular calcification, it is recommended to measure directly the levels of phylloquinone and menaquinones in serum or plasma.
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